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Abstract—  Investigation of the minerals, anti-nutrients as 
well as compactness and hardness of mineral saltlicks 
produced using cement, termite mound and clay mud as 
binders were compared with a commercial lick in a 
completely randomized design of four treatments and three 
replicates each was conducted. 
The sodium content of commercial salt lick (treatment 1) 
was significantly higher (p<0.05) at 15.53 mg 100 ml-1 than 
the sodium content of all other treatments. The values of 
zinc, copper, chromium, magnesium, iron, manganese, 
potassium, and cobalt were increased significantly (p<0.05) 
in treatment 2 (termite mound, bone meal and common salt) 
at 0.08, 0.25, 0.25, 0.65, 0.26, 0.23, 175.93, 0.19 mg 100ml-
1
 respectively. Significantly higher but increasing (p<0.05) 
values of calcium were obtained for treatment 2, 3(cement, 
bone meal and salt) and 4 (clay mud, bone meal and salt) 
while commercial lick's calcium content was 13.0 mg 
100ml-1. 
The composition of tannin, phenol and phytate (1.24 mg 
100g-1, 0.75 mg 100g-1 and 4.43 g 100g-1 respectively) were 
increased significantly (p<0.05) in treatment 2, while 
treatment 1 had lowest values of tannin and phytate 
(0.33mg 100g-1 and 0. 18 g 100g-1). The commercial salt 
block was the most compact and hardest of the mineral salt 
blocks while the salt block produced using cement, termite 
mound and clay mud as binders had good consistencies two 
weeks after demoulding.  
Mineral salt licks produced using different binder agents 
possessed higher mineral contents except sodium than 
commercial salt licks and have considerable binding 
property.   
Keywords— Geophagy, binders, licks, ruminants, 
physicochemical. 
 
I. INTRODUCTION 
Grazing animals depend on range forages to meet all their 
nutritional requirements including macro and micro 
minerals such as calcium, potassium, sodium, chlorine, 
phosphorus, iodine, sulphur, selenium, manganese, 
molybdenum etc. The forage resources usually consumed 
by these animals in the tropics are characterized by low 
digestibility, energy, crude protein and poor availability of 
minerals and vitamins [1, 2].Under circumstances where no 
compound feed is offered, for example in breeding young 
stock and lactating animals or in marginal grazing areas, the 
need for mineral supplementation becomes very important. 
When forages or feed sources are deficient in minerals, 
ruminants seek alternative sources such as eating woods, 
nylon, paper, fence chewing, debarking trees, and licking 
each other etc. [3]. In order to prevent these habits and to 
supply the needed minerals to cattle, sheep and goats, there 
is need to supplement their diet with mineral (salt) lick. 
Grazing livestock from tropical countries although depend 
almost exclusively upon forage for their mineral 
requirements, often do not receive mineral supplementation 
except for common salt [4].  This could be as a result of low 
economic power or belief of the farmers that ruminants 
require only common salt as a source of minerals. The 
supposition that the use of salt licks is attributable to only 
the need for sodium has been refuted by results from 
analyses of some natural lick soils showing low sodium 
contents and the presence of other important elements.  
Ruminants require elements such as magnesium [5], 
buffering compounds such as carbonates [6], and binding 
agents such as clays [7]. Studies from these authors also 
suggest multiple reasons for mineral lick needs [4-7]. 
 Salt licks can be naturally occurring in salty mineral 
deposits where animals especially those in the wild trek 
long distances to access and they contain sodium, calcium, 
iron, phosphorous, zinc, and trace elements [6, 8]. Variation 
in natural salt lick composition presupposes that lick may 
serve multiple functions for different species and sexes at 
different times of the year [6]. 
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Mineral Salt licks or blocks for domestic ruminants can be 
produced from readily available and cheap sources to 
provide the animals with minerals needed for proper 
functioning of the body. They are produced using common 
salt (sodium with chlorine often added iodine) and other 
mineral sources in the manufacturing process. Sources of 
minerals for manufacture of mineral blocks include bone, 
egg shell, oyster shell and common salt. Termite mound, 
red mud, cement and other materials also contain calcium, 
silica and other minerals and can serve as binders to ensure 
hardness and compactness of the block. Termite mound and 
red mud are readily available in the rainforest area of 
Nigeria at no cost. However, cement seems to be an 
effective binder and easily available especially in the 
process of multi-nutrient block manufacture [9, 10], but, 
there are some concerns over its negative health effects and 
its high cost. Cattle farmers in Nigeria and especially in the 
southwest rely solely on commercial salt licks which may 
be expensive and may not contain other minerals in 
appreciable amount other than common salt. 
There is the need to estimate the physico-chemical 
composition of mineral salt licks produced using locally 
sourced ingredients as binders in South-western Nigeria. To 
the best of our knowledge, literature on such study is very 
scanty in Nigeria. This study was undertaken to compare 
the physicochemical characteristics of mineral salt licks 
produced using different binders with a commercial salt 
lick.  
 
II. MATERIALS AND METHODS 
2.1.Experimental Site 
The experiment was conducted at the Small Ruminants Unit 
of the Teaching and Research Farm, Ekiti State University, 
Ado-Ekiti, South Western Nigeria. Ado-Ekiti  lies between 
latitude 070 37’ 15’’ N and longitude 050 13’ 17’’ E with an 
average relative humidity of 72%. It experiences a tropical 
climate with a temperature range of 20 - 280C and a 
bimodal rainfall distribution between April and October 
with peaks in June and September and a break in August. 
Dry season is between November and March. The average 
precipitation in this area is 1367mm. 
2.2.Ingredients 
Clay mud and termite mound were sourced from the soil in 
the Teaching and Research Farm while cement and 
common salt were purchased from the market. Bone was 
obtained from the abattoir at the Cattle Slaughtering Unit of 
the Teaching and Research Farm, and burned until it 
becomes white and then crushed in a mortar. The crushed 
bone meal was milled in a hammer mill to obtain a finely 
ground product. 
2.3. Experimental Design 
 The experimental design was a completely 
randomized design with 4 treatments and 3 replicates. 
 Treatment 1 – Commercial salt lick (control)  
Treatment 2 – Mineral salt lick made from termite 
mound, bone meal and common salt. 
Treatment 3 – Mineral salt lick made from cement, 
bone meal and common salt. 
Treatment 4 – Mineral salt lick made from clay 
mud, bone meal and common salt. 
2.4. Mineral Salt Lick Preparation 
The binders (cement, termite mound and clay mud) were 
separately dissolved in water to form a paste. 
In treatments 2, 3 and 4, the proportion of each of the 
ingredients were- bone meal: salt:  termite mound/ red mud/ 
cement (4:2:1). The ingredients were mixed and stirred 
together according to each treatment to obtain a 
homogeneous mixture. 
The mixture was poured into 5kg capacity aluminum 
container mould, then pressed manually using hand to form 
blocks. The surface of the mould was covered with 
polythene sheets to facilitate de-moulding and clearing of 
the surface. The blocks were removed carefully and dried 
for one week under shade, and another week in the sun until 
they were hard. 
2.5. Physical Properties of the Salt Licks 
Hardness and compactness of the blocks were tested after 
de-moulding, at one week and two weeks by 3 persons 
independently assessing hardness on the scale: soft, medium 
and good, Hardness was determined by pressing with hand 
while compactness by the easiness of break  by hand 
depicted by the scale: loose, slightly loose and firm. 
2.6. Chemical Analysis of the Salt Licks 
Triplicate samples were obtained from moulded mineral salt 
licks and a commercial salt lick and analysed for minerals 
and anti-nutritional factors. Mineral composition was 
determined by dry- ashing 1g each of the samples at 5500C 
in a furnace, and dissolving the ash in 10% HCl and filtered 
[11]. Sodium (Na) and potassium (K) were determined by 
flame photometer while atomic absorption spectrometer 
(AAS) was used to determine the other minerals. Phytin 
was extracted and precipitated using the method of Wheeler 
and Ferrel[12], Tannin content by the method of Makkar 
and Goodchild[13], Oxalate content was determined using 
the procedure of Yan et al.[14]. Saponin was assayed by the 
method described by Obadoni and Ochuko[15] while 
Alkaloid was obtained by Harbone[16] method.  A pH 
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meter with combined glass electrode was used to determine 
the pH of the mineral salt licks. 
2.7. Data Analysis 
All data obtained were analysed using one way ANOVA 
with Minitab 8.1 version package. Significant differences 
were separated using the DMRT. 
 
III. RESULTS 
Minerals and pH composition of commercial salt lick and 
mineral licks produced using different binders are shown in 
TABLE 1. From the Table, there were significant 
differences in all the parameters measured. The sodium 
content of commercial salt lick (treatment 1) was 
significantly higher (p<0.05) at 15.53 mg 100 ml-1 than the 
sodium content of all other treatments. Sodium contents of 
bone meal, termite mound and salt (treatment 2), bone meal, 
cement and salt (treatment 3) or bone meal, clay mud and 
salt (treatment 4) were significantly different (p<0.05) at 
6.49, 4.85 and 5.22 mg ml100-1 respectively with treatment 
2 recording highest value. The values of zinc, copper, 
chromium, magnesium, iron, manganese, potassium, cobalt 
and lead were increased significantly (p<0.05) in treatment 
2 (termite mound and bone meal) at 0.08, 0.25, 0.25, 0.65, 
0.26, 0.23, 175.93, 0.19, 0.06 mg 100ml-1 respectively. The 
composition of calcium, magnesium, potassium, 
phosphorus, and cobalt were reduced significantly (p< 0.05) 
in treatment 1(commercial salt lick) with values of 13.0, 
0.29, 1.55, 2.35, 0.12 mg 100ml-1 respectively. Significantly 
higher (p<0.05) value of calcium (108.2 mg 100ml-1) were 
obtained for treatment 3  while treatment 1 had the lowest 
calcium content of 13.0 mg 100ml-1. Phosphorus was 
increased significantly (p<0.05) in treatment 2 at 175.93 mg 
100ml-1. There were no significant differences(p>0.05) 
among the means of zinc, copper, chromium, iron and 
manganese in treatments 1, 3, and 4  with values ranging 
from 0.01 mg 100ml-1 in zinc to 0.13 mg 100ml-1 in 
chromium.  The pH composition of the mineral licks was 
raised significantly (p<0.05) at 10.83 in treatment 3 while 
the lowest value of 7.84 was obtained from treatment 4. 
 
Table.1: Mineral and pH analysis of mineral salt licks produced using different binders (mg 100ml-1) 
 
Parameters 
 
1 
TREATMENT 
2 
 
3 
 
4 
Zinc 
Copper 
Chromium 
Calcium 
Magnesium 
Iron 
Manganese 
Sodium 
Potassium 
Phosphorus 
selenium 
cobalt 
lead 
pH 
0.01b+ 0.00 
0.12c+0.01 
0.13b+0.00 
13.0d+0.10 
0.29c+0.11 
0.16b+0.01 
0.12b+0.01 
15.53a+0.06 
1.55d+0.04 
2.35d+0.05 
0.003b +0.0 
0.12c+0.01 
0.04b+0.01 
8.48b+0.07 
0.08a+0.00 
0.25a+0.01 
0.25a+0.00 
79.47c+0.58 
0.65a+0.01 
0.26a+0.01 
0.23a +0.0 
6.49b+0.01 
1.79b+0.01 
175.93 a+0.12 
0.003b+0.0 
0.19 a+0.0 
0.06a+0.00 
8.84b+0.01 
0.01b+0.00 
0.11c+0.01 
0.15b+0.01 
108.02a+0.01 
0.35b+0.01 
0.15b+0.01 
0.13b+0.01 
4.85d+0.06 
1.68c+0.01 
148.33b+0.58 
0.003b+0.0 
0.13c+0.01 
0.03c+0.01 
10.83a+0.01 
0.01b+0.00 
0.11c+0.01 
0.13b+0.01 
94.36b+0.57 
0.34b+0.01 
0.15b+0.01 
0.13b+0.01 
5.22c+0.10 
1.79b+0.01 
129.37c+0.06 
0.003b+0.0 
0.13c+0.01 
0.03c+0.00 
7.84c+0.01 
All superscripts (a, b, c, and d) with different alphabet within the same row are significantly (P < 0.05) different. Each sample 
was analysed in triplicate 
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Table.2: Anti-nutritional factors of mineral salt licks produced using different binding agents. 
 
Parameters 
Treatment    
1 2 3 4 
Tannin 
Phenol 
Oxalate 
Phytate 
Flavonoid 
Saponin 
Alkaloid 
0.33c+0.02 
0.22c+0.02 
3.57a+0.03 
0.18d+0.02 
10.93a+0.32 
8.33a+0.34 
12.13a+0.58 
1.24a+0.02 
0.75a+0.2 
2.90b+0.03 
4.43a+0.02 
6.97b+0.12 
3.04b+0.12 
8.30b+0.42 
0.59b+0.02 
0.38b+0.02 
2.26c+0.10 
1.96b+0.04 
4.59c+0.12 
3.77b+0.22 
4.96c+0.02 
0.37c+0.52 
0.22c+0.02 
2.22c+0.03 
0.47c+0.03 
2.60d+0.02 
3.73b+0.02 
4.24d+0.02 
All superscripts (a, b, c, d) with different alphabet within the same row are significantly (P < 0.05) different. 
 
TABLE 2 shows the anti-nutritional factors present in 
commercial salt lick and mineral salt licks produced using 
different binders. The composition of tannin, phenol and 
phytate (1.24 mg 100g-1, 0.75 mg 100g-1 and 4.43 g 100g-1 
respectively) were increased significantly (p<0.05) in 
treatment 2 ( termite mound,  bone meal  and salt), while 
commercial salt lick (treatment 1) had lowest values of 
tannin and phytate (0.33mg 100g-1 and 0. 18 g 100g-1). 
Flavonoids, saponin and alkaloid were significantly higher 
(p<0.05) in treatment 1 at 10.93, 8.33 and 12.13 g 100g-1 
while treatment 4 recorded the lowest values  of 2.60 and 
4.24 g 100g-1 in flavonoids and alkaloids respectively. 
There were significant differences (p<0.05) among the 
mean values of oxalate ( 3.57, 2.90, 2.26 and 2.22  g 100g-1) 
in treatments 1, 2, 3 and 4, respectively.    
 
Table. 3: Hardness of mineral salt licks produced using different binding agents. 
 
 Drying time 
Treatment  
1 2   3     4  
De-moulding Good Soft Soft Soft  
One week Good Soft Good Soft  
2 weeks Good Medium Good Medium  
 
TABLE 3 depicts the degree of hardness of mineral salt 
blocks produced using different binders at the de-moulding 
stage, at one week and two weeks after production. The 
hardness of the control block was good all through. At de-
moulding, all the blocks in treatment 2 to 4 were soft when 
pressed with the hand. At one week, treatments 2 and 4 
(blocks with termite mound and clay mud as binding agents, 
respectively) were soft, while treatment 3 (cement and bone 
meal) was good. At 2 weeks after moulding, treatment 3 
showed good hardness while treatments 2 and 4 were of 
medium hardness. 
 
Table.4: Compactness of mineral salt licks produced using different binding agents. 
 
 Drying time 
Treatment  
1 2   3     4  
De-moulding Firm Loose Loose Loose  
One week Firm Loose Firm Loose  
2 weeks Firm Slightly loose Firm Slightly loose  
 
The compactness of mineral salt blocks produced using 
different binders are shown in TABLE 4.  The control block 
was firm in compactness. At de-moulding, all the mineral 
salts produced in treatment 2 to 4 were loose. At 1 week 
after production, treatments 2 and 4 were loose, while 
treatment 3 was firm. However, at 2 weeks after de-
moulding, treatment 3 with cement as binding agent was 
firm in compactness while treatments 2 and 4 (with termite 
mound and clay mud as binders, respectively) were slightly 
loose in compactness.  
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IV. DISCUSSION 
The mineral salt licks produced using different binders had 
higher quality than commercial salt lick in terms of 
presence of mineral elements such as calcium, phosphorus, 
magnesium, zinc, iodine, chromium, copper, cobalt, and 
manganese. The variations in chemical compositions of the 
mineral licks were similar to the mineral contents of natural 
salt licks of the tropical rain forests [8,17]. This imply that 
locally manufactured mineral licks like natural lick sites 
may serve multiple functions as additional nutrient supply 
medium for different species and sexes of ruminants at 
different times of the year. This  can supply  the additional 
mineral sources  that  animals require such as calcium (Ca), 
magnesium (Mg), phosphorus (P), potassium (K), sodium 
(Na), sulphur (S), and chloride (Cl) for the proper 
functioning of the animal body [4,17]. The commercial salt 
lick contains abundant sodium compared with the locally 
produced mineral salt lick. This is in line with the findings 
of Lameed  andJenyo-Oni [17] that salt licks regularly  
visited by animals composed of primarily common salt. 
Results from analyses of some lick soils showing low 
sodium contents and the presence of other important 
elements such as magnesium [5], buffering compounds such 
as carbonates [6], and binding agents such as clays [7] 
suggest multiple uses of mineral licks. Studies also suggest 
that ruminants will naturally lick the mineral block when 
inclined, taking in iron from the red earth, calcium and 
phosphorus from  termite mound, and iodine, sodium and 
chlorine from the salt [6, 18] . These are all essential 
minerals necessary for the good health of ruminants 
especially cows and should result in the production of a 
good quantity of milk that is high in fat.  
  The proportion of the binding agents (14.3%) in this study 
were similar to that of Sansoucy[19] who recommended the 
inclusion of 15% for a binding agent but higher than 4% of 
locust bean pulp used by Dzidiyaet al. [20], while the level 
of common salt used (28.6%) was higher than 20% reported 
for multi-mineral block formulation [21]. Common salt 
serves as flavour and palatability enhancer and supplies 
sodium chloride which assist in consolidating the block and 
control the rate of ingestion. The high content of calcium in 
treatment 3 may be due to the use of cement as a binding 
agent in its production because cement contains appreciable 
amount of calcium [19].  
The hardness of mineral blocks in which cement was used 
as the binder was good at 2 weeks. This is in line with the 
findings of Mubiet al. [22] who obtained good hardness at 2 
weeks when Hassoun technique [23] was employed in 
multi-nutrient production using cement as binder.  Blocks 
that set well ensure safe transportation without breakage 
[24]. However, according to Sancoucyet al. [9] 
andHadjipanayiotou[25], some formulations result in 
extremely hard blocks that could reduce block intake. 
Similar research result also revealed that hardness may 
reduce intake per visit and intake per lick in relation to 
solubility [26].  
 The pH obtained in this study fell within the range of 6.86 
and 9.95 obtained by Matsubayashiet al. [8] and Onesmuset 
al.[27] on geophagic soil consumed by ruminants in tropical 
rain forests. The anti-nutritional factors of tannin, phytate 
and phenols in all the treatments were low and within 
tolerable levels. Anti-nutrititional factors even though are 
compounds which act to reduce nutrient utilization and/or 
food intake [28], have however found wide applications in 
nutrition as pharmacologically active agents. For example, 
saponins and flavonoids act as antioxidants, preservatives 
and flavouring agents in food and feed [29]. 
 
V. CONCLUSION 
This study showed that it is possible to produce mineral salt 
blocks using locally available ingredients as binding agents. 
Termite mound and clay mud are of medium hardness and 
compactness containing appreciable amounts of macro and 
micro minerals. Termite mound as binder contains abundant 
minerals that can be useful to ruminants. Anti-nutrients in 
local ingredients used in this study were within tolerable 
limits.   
 
VI. RECOMMENDATIONS  
From the results obtained in this study, locally sourced 
ingredients can serve as binders with medium hardness and 
compactness in mineral block formulations containing 
appreciable mineral contents. Termite mound and clay mud 
as binders are available in abundance and at no cost to 
resource poor ruminant farmers in Nigeria. Ruminant 
farmers are therefore advised to take initiative of producing 
mineral salt blocks locally.  Further experiments in which 
mineral salt licks produced using local ingredients as 
binding agents as done in this present work should be fed to 
ruminants to ascertain their performance in comparison with 
commercial mineral salt licks. 
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